Introduction
A huge ecological cost is associated with livestock grazing in western North America, and continuing interest from conservation biologists is essential to ensure that management protects biodiversity (Fleischner 1994) . the extensive literature on maintenance of healthy rangeland for livestock production in western Canada has led to an understanding that many rangeland species may benefit from moderate grazing (e.g., tannas 2003a,b, 2004) . However, the effects of grazing on biodiversity overall have not been sufficiently studied in Canada (ollf and Ritchie 1998; Bai et al. 2001) , although some important research is underway (e.g., the long-term east block grazing experiment in grasslands National Park, see http://www.pc.gc.ca/eng /progs/np-pn/re-er/ec-cs/ec-cs01.aspx). Research to date has involved mostly cattle on the prairies and parklands and suggests that rangelands can be important in protecting biodiversity, although ecological integrity cannot be maintained if grazing pressure is too high (trottier 1993; West 1993; Mclaughlin and Mineau 1995) .
the grazing ecology of the prairies of the Rocky Mountain foothills has been poorly studied, although they are the most diverse and complex of the fescue grasslands in Canada (tannas 2003a, P.M.C. personal observation) and among the most productive grasslands in North America (Willms et al. 1996) . the response of fescue grasslands to cattle stocking rates has been studied intensively at one site in the Porcupine Hills near stavely, Alberta (Willms et al. 1985) , but this site may not represent the foothills grasslands well. only 5% of the grasslands remain in a pre-settlement condition (Vu jnovic 1998), and they are now recognized as an endangered ecosystem (trottier 2002) . Increased precipitation in foothills prairies may make them more susceptible to grazing (lauenroth et al. 1994) .
there are currently over 350 000 feral horses (Equus ferus caballus) in Alberta, mostly used in recreation, and the number is increasing (Westar 2003*). Consequently, the demands for grazing land are also increasing, particularly in the foothills region. grazing by horses has been shown to reduce plant species richness in some situations (Beever and Brussard 2000; Beever et al. 2008) , but not in others (detling 1998). these differences are likely a result of different grazing pressures.
With the effects of grazing generally requiring more study, especially in the foothills, and especially concerning feral horses, any situation providing data is an important study opportunity. We encountered such an opportunity in a foothills parkland prairie in northern Kananaskis Country of western Alberta. Here feral horses had been excluded for 25 years from half of a continuous fescue prairie glade, but rest-rotation grazing at a specific carrying capacity was continued in the adjacent half. data was collected to elucidate the effects of grazing by the horses on floristic diversity, as well as to obtain information for conservation and management. . the park is a significant natural area with a rich diversity of flora and fauna (Pinel 1985*; Wallis and Wershler 1972*; Williams 1988*) .
Study Area

Requirements for comparison
to be able to attribute differences in vascular plant composition between the two sections to differences in grazing by feral horses, all other characteristics should be nearly the same. there is good evidence that this was the case. the two sections, "grazed" and "non-grazed," had similar gradual slopes, elevation, and very stony substrates, and the geology of the area was uniform (Rutherford 1927; greenlee 1974 ; P.M.C. personal observation). the sections were separated only by a road and roadside fences, which clearly split a formerly continuous prairie glade, the edges of which remained well defined.
the entire glade was grazed by feral horses until 1984 (g. Cowley, Rafter six guest ranch, personal communication) when grazing was discontinued on the south side (2.2 ha). on the north side (2.8 ha), grazing by horses was permitted at a moderate stocking level in the fall (15 August to 15 october) for 652 horse-days on approximately 22 ha of prairie which included the north half of the glade as well as open woods and other glades nearby. over this period, both halves were subject to very light grazing by free-ranging Rocky Mountain elk (Cervus elaphus nelsoni) and grazing to an even lesser extent by both Mule deer (Odocoileus hemi onus) and White-tailed deer (Odocoileus virginianus) (R. Jaeger, park conservation officer, personal communication). the Rocky Mountain elk (n = 100-160) also used the area from december to February as one of a large series of openings preferred because characteristic high wind and chinooks reduce snow accumulation and adjacent wooded areas provide cover (R. Jaeger, personal communication). other grazing mam mals, including various rodents, are scarce in this area of gravelly soils and are thought to have little impact on flora (P.M.C., personal observation).
Methods
Data collection and identification
Between 28 June and 2 July 2009, in each section (grazed and non-grazed), data on the presence and cover of species were gathered from 1-m 2 quadrats along five parallel transects at a 45° angle from the road. ten quadrats, each 10 m apart, were placed on each transect, resulting in 50 quadrats on either side of the road (i.e., in each section). Cover for each species in each quadrat was estimated as a percentage of the 1-m 2 ground surface covered by living material of that species. the results were tallied so that species in the two sections could be compared with respect to both frequency and cover. No new species were recorded after 35 quadrats in either section suggesting that 50 was an adequate sample to describe the vegetation.
As grazing may sometimes result in more-or-less stable, heavily grazed and non-grazed patches, and increased heterogeneity may exist on a broad scale but not on a small scale (Willms et al. 1988 ), a relatively extensive sampling procedure, such as that used here, is advantageous in biodiversity comparison.
Most species were flowering at the time of sampling, and this aided in identification; the few exceptions were Gentianella amarella, Solidago simplex ssp., and Symphyotrichum laeve var. geyeri. Plants were identified using Packer (1994) , Kuijt (1982) , Hallworth and Chinappa (1997 ), and tannas (2003a ,b, 2004 as well as the online Flora of North America series (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) .
the names mostly follow the recent compilation of Kartesz and Meachum (1999*) with some more recent changes from Brouillet et al. (2010+*). All species recorded in the prairie glade are listed in Appendix table 1 with authorities, scientific names and frequently used common names. Voucher specimens are preserved in the National Collection of Vascular Plants of Agriculture and Agri-Food Canada in ottawa (acronym dAo). Although the identifications are considered accurate, there were limitations. some species were too immature to identify with certainty to the infraspecific level (e.g., Solidago simplex).
the dominant grass in the non-grazed area appeared to be Festuca campestris Rydberg, but this could be confirmed in only a few quadrats where it was flowering. As we believed that only one species of the rough fescue complex was present, all non-flowering plants were assumed to be this species. the site is near the boundary of the ranges of Fesctuca campestris and F. altaica. Kananaskis is located at 51 o N, very close to the southern limit of F. altaica in the Canadian Cordillera (Pavlick and looman 1984) . Bowden (1960) determined that the chromosome number of rough fescue plants at other sites near Banff, Alberta, was 2n = 56, which is characteristic of F. campestris (F. altaica is reported with 2n=28). However, we observed some plants with characteristics of F. altaica but nevertheless best placed with F. campestris.
Data analysis
Mean cover (including zeros) for each species was calculated for each of the five, 10-quadrat transects for each grazing treatment. Frequency was the percentage of the 10 quadrats in a transect that contained that species. Covers and frequencies of each species were compared with a Proc t-test using the five transects as replicates. this test was generated with sAs software (sAs 2003*). the summary function of PC-ord (McCune and grace 2002*) was used to determine the two components of diversity (species richness and evenness) as well as two indices of diversity (shannon-Wiener and simpson's indexes) for each transect using mean species covers. the diversity variables were compared between grazing treatments (Proc t-test of sAs) using the results for the five transects as replicates.
Results
A total of 91 species were recorded in the 100 quad rats and 96 species (not including surrounding trees) were recorded in the entire prairie glade including the quadrats. the full species list is presented in Appendix I (along with authorities, common names and the accession numbers of voucher specimens at dAo). there were only five introduced spe cies, and these were present in trace amounts.
the plant communities in grazed and non-grazed areas appeared different (Figure 1) . the mean cover and mean frequency of species with a cover of at least 1% are listed in table 1 by major group. there was considerable divergence in the species composition between the grazed and non-grazed sites. Festuca campestris and Arctostaphylos uva-ursi dominated the non-grazed site where covers were much greater than in the grazed site (30.26% versus 0.42% and 14.84% versus 0.8%, respectively). other species with greater cover in the non-grazed areas included Mulhenbergia richardsonis, Geum triflorum, Vicia americana, and Dasiphora fruiticosa.
With grazing, the cover of many species increased. in both grazing treatments. the mean number of species (species richness) did not differ between the grazing treatments (table 2). evenness was significantly greater with horse grazing. the shannon-Wiener index indicated that feral horse grazing increased the species diversity of the plant community, whereas simpson's index showed no effect.
Discussion
our list (Appendix 1) contains many species that have been observed in the various seral stages of the F. campestris grassland at the stavely site in the Porcupine hills of southern Alberta (Willms et al. 1985) . on the other hand, some species common in that grassland were either not present or were present in only trace amounts, including Danthonia parryi scribner and F. idahoensis elmer. our site is at the northern limit of the former and beyond the northern limit of the latter (Packer 1994) . the low abundance of introduced species (5 of 94 in Appendix 1) suggests that, even with grazing, this is a relatively pristine plant community. Most important, only trace amounts of Poa pratensis l., one of the main species seen to increase with grazing at many F. campestris sites, were found here. greater evenness with grazing reflects the great reduction in F. cam pestris and Arctostaphylous uva-ursi cover that favours a diversity of other species. Rough Fescue is known to be grazing sensitive (Willms et al. 1985) , but why A. uva-ursi declines is not clear, as it is seldom grazed by horses. trampling may be a factor.
Many of the species that increased with grazing have a more prostrate growth form and, thus, may partly avoid grazing. With grazing, four graminoids increased at the expense of F. campestris. the "increasers" did not include Danthonia parryi, which was the main increaser at the stavely site (Willms et al. 1985) . the cover of many of the lower growing forbs was also greater at the grazed site, including Antennaria parvifolia, Anticlea elegans, Artemisia frigida, Cerastium arvense, Oxytropis spp., and Toxicoscordion venenosum var. ve ne nosum. two palatable legumes (Hedysarum boreale and Vicia americana) increased with protection from grazing. Because of their high nutritive value, these are likely favoured by horses. A short stature helps some species tolerate grazing, but makes them more susceptible to competition from robust grasses like Festuca campestris; thus, they would be expected to decline with protection from grazing. Competitive exclusion occurs when removal of disturbances, such as livestock grazing, allows a highly competitive species such as F. campestris to restrict the growth of other species through rapid canopy and root development, which limit both light and moisture availability, and litter accumulation, which reduces recruitment from tillers or seed (grime 1973) . the reduced evenness without horse grazing suggests that this had occurred to some extent. It might take longer for competitive exclusion to reduce the species number, or there may be sufficient grazing by wild ungulates in the "non-grazed" area to slow it. studies of recovery of rough fescue grasslands (Willms et al. 1985; Mclean and tisdale 1972) show that, after several decades of recovery, species number was not reduced. However, in the longer term, Festuca campestris dominates to the exclusion of most other species (Mclean and tisdale 1972) .
We found an increase in the shannon-Wiener index with grazing, as shown by Bai et al. (2001) in saskat chewan. Also similar to Bai et al., we found no change in species richness with moderate grazing. the simpson's index is less sensitive to the contribution of lessabundant species (deJong 1975) and, thus, did not increase with grazing.
the results of this study correspond to those of many others (trottier 1993; West 1993; Mclaughlin and Mineau 1995) in suggesting some biodiversity benefits of moderate grazing. studies of grazing effects at many sites throughout Alberta would determine whether grazing affects biodiversity in all grassland types. A study conducted in the mixed prairie (Willms et al. 2002) suggests that grazing does not always improve diversity.
General observations
the species of vascular plants that were much more abundant in grazed areas are known to increase with increased grazing pressure and are mostly not grasses. these species are likely those previously avoided by bison and currently avoided to some extent by feral horses. Both of these ungulates are grass specialists. some of the plants that apparently increased with horse grazing are toxic to horses (e.g., Oxytropis sericea and Toxicoscordion venenosum var. venenosum; Majak et al. 2008) Figure 2 ) was abundant in the grazed area, with up to 10 in view at any one time, but entirely absent from the non-grazed area.A population of speckle-winged Rangeland grasshoppers (Arphia conspersa scudder, 1875), which prefer areas with bare soil (P. M. C. personal observation), was present in the grazed area but entirely absent from the adjacent non-grazed area. the dominance of clumped grasses in the horse-free area provided structural cover for nesting birds such as Vesper sparrows (Pooecetes gramineus) that were absent in the grazed area. other studies have shown that below-ground arthropods, scavenging arthropods, and grasshoppers increase with grazing (laycock 1994) and that birds are variously adapted to the extent of the grazing (Knopf 1996) . the differences in biodiversity between the two sections may be much greater for other groups than for vascular plants, further supporting the high biodiversity value of the presence of both grazing regimes.
Management implications
Based on studies of recovery from grazing in rough fescue communities (Willms et al 1985; Mclean and tisdale 1972) , the non-grazed area is likely at a midseral stage. there may be a number of distinct biodiversity-rich intermediate stages of succession in foothills prairies based on different levels of grazing pressure and other factors. Biodiversity was not necessarily greatest at the apparent intermediate level of disturbance, as might be expected (Bai et al. 2001; Vujnovic et al. 2002) . However, succession and disturbance levels may not provide the most informative view of prairies.
In pre-settlement times, prairies were likely a shifting mosaic of heterogeneous patches where fire and grazing played major roles, along with periodic drought (Fuhlendorf and engle 2004) . other important factors affecting diversity may have been spatial and temporal variation in movements of wandering bison herds, and fluctuations in numbers of ungulate predators, as well as variation in their distributions. For example, bison traces would have been heavily grazed, but areas where predator risk was high would not have been grazed. drought and fire would have influenced both of these factors. In the case of our study site, biodiversity was increased by the creation of two patches with different grazing regimes. An improvement in management would involve changing the patches over space and time by applying different ecological situations, especially using fire as well as grazing, as suggested by Fuhlendorf and engle (2004) . With the loss of freeranging bison and the patch dynamics on which prairie diversity is based, the use of an increasing number of feral horses to achieve various levels of grazing is a potentially useful management tool that deserves widespread but well-planned application. grazing by horses in foothills prairies at moderate to light levels can be beneficial in terms of biodiversity.
